In this paper, we present and discuss the research equipment durability and service life extension method for R&D budget reduction and efficiency improvement. First, we present and discuss the results of a comparative study of the realistic durability and service life of research equipment and the economic life of research equipment from an R&D economic perspective. Then, the research equipment transfer process is studied to improve efficiency. When research equipment become idle or underutilised, their efficiency must be improved. This study also presents and discusses the cost of the repair and transfer of research equipment to extend their durability and service life. In this paper, the R&D economic analysis and the transfer process of research equipment are examined for the first time in terms of effectiveness in improving equipment efficiency. We also believe this study will find valuable use in R&D policymaking and scientific technology research.
Introduction
In a research project, when scientific technology to be used has been discussed or when the R&D policy has been set, the scale of the R&D budget becomes the most important factor that determines the project's success. The scale of the R&D budget vis-a-vis the gross domestic product gross domestic product (GDP), in particular, is a very important element in the advancement of scientific technology (Carter and Edwards, 2001; Menke, 2013) . Most empirical studies also showed the importance of R&D in economic growth (Goel et al., 2008) . It is an important factor in evaluating the competitiveness of a country's national scientific technology (Russell, 2006) . The government considers it an essential element in expanding the scale of its R&D budget (Cormac et al., 2012) . Policymakers should largely depend on scientific computer simulations of policy exercises and analyse the effect in the globalising world (Hourie et al., 2015; Onishi, 2010) . Policymakers care about income distribution, economic growth and policy convergence (Lippi and Swank, 1996; Pereira, 2014) . Overall, government R&D has a significantly positive impact on national R&D efficiency (Wang, 2007) . All governments around the world are investing more funds in R&D. The internet and new technology can have effects comparable to reduced transport costs, as well as in facilitating access to more developed markets (Atzeni and Carboni, 2008) . In many developed countries, much focus has been placed on fiscal consolidation policies due to excessive budget deficits resulting from crisis eruption (Bole et al., 2014; Taylor, 2014) . The public deems it necessary to examine the effect and efficiency of expanding the R&D budget scale for the advancement of scientific technology (Alemi, 2000; Jain et al., 2010) . The R&D budget must be adjusted and distributed for its effective utilisation (Jain et al., 2010; Lee and Chen, 2005) . Also, the public insists that the R&D budget must be saved from adjustment and distribution for new investments in scientific technology research (Brem and Voigt, 2007) . This means the adjustment and distribution of the R&D budget is more effective than the unconditional scale expansion of the R&D budget for effective budget utilisation. The research project, research personnel and the research equipment are the three R&D factors (Graziano and Raulin, 2006) . Research equipment in the research infrastructure have been especially required for both scale expansion and qualitative development. In 2009, the U.S. National Science Foundation was presented with 91 Nobel Prizes for 107 years of analysing science research using research equipment. It has been estimated that research equipment opened a new horizon for 21st-century scientific technology. Not long ago, the discovery of the Higgs boson from the large national research facilities of the Conseil Européen pour la Recherche Nucléaire surprised the whole world (Pol, 2014) . It showed the infrastructure and the underutilisation of research equipment in terms of a strategic approach. The South Korean government has realised the importance of research equipment and has invested $40.4 billion (average annual R&D budget: $6.73 million) in the last 6 years (2005) (2006) (2007) (2008) (2009) (2010) for science research environment improvement and research infrastructure construction. At the state level, efforts have been made to expand research infrastructure from small-scale analysers to particle accelerators in large national research facilities. As of 2012, 59,486 research equipment (cost of each research equipment: over $27,230) had been registered in the National Science & Technology Information Service of the Ministry of Science, ICT and Future Planning of South Korea. Of these, 28,847 research equipment could still be used by research scientists. South Korea's major research institutions that mutually utilise research equipment include 25 national research institutes, 37 national universities, 96 private universities, 18 techno parks and 41 local research institutions. These institutions have conducted analytical researches on the mutual utilisation of research equipment and on improvement of the research environment. All these efforts are needed for the systematic management and operation of research equipment. The bulk purchase and management insufficiency of research equipment are the representative challenges in effective investment. The qualitative growth of research infrastructure construction is likewise very important. Research equipment guarantee superiority of the research results and research quality despite lack of investment (Wang et al., 2004) . Both the scientists and the government consider scale expansion of research infrastructure as the core issue. At this point, the qualitative growth of research infrastructure is more effective than their scale expansion. Thus, they must be introduced, operated and utilised through strategic planning. R&D budget reduction is essential for investing in and improving efficiency of research equipment (Wen et al., 2013) . It is also used for R&D budget reinvestment for research infrastructure from the budget reduction (Amasaka, 2013) .
Advancement in scientific technology is a very important element in the international competitiveness and economic strength of a country. All governments around the world are investing in R&D for science and technology development. Similarly, the R&D budget of the government of Korea has been invested mainly in basic science research. The government has been operating a research equipment purchase council for R&D budget reduction and efficiency improvement. The council has carefully deliberated so that the government provides R&D funds for the purchase of research equipment. We propose the research equipment durability and service life extension method through systematic equipment management for R&D budget reduction and efficiency improvement. Shortening of the life of research equipment due to lack of attention must be prevented (Gu et al., 2013) . At the same time, the systematic management and maintenance of research equipment are required to extend equipment durability and service life. The R&D budget of all governments around the world has been invested mainly in basic science research. Despite all these efforts, in many cases after the research equipment of universities, research institutes and companies have been used for a certain time, they become idle or underutilised. This has brought the loss of R&D funds and the inefficiency of R&D strategies. Idle research equipment are defined as equipment whose utilisation is uncertain or those equipment that had been shut down for more than 6 months although they can still be used in normal operations. Underutilisation of research equipment is defined as utilisation of research equipment at less than 10% of their capacity. When research equipment become idle or underutilised, they cause R&D budget loss and R&D strategy inefficiency. Also, when research equipment are needed for analytical research, the lack of R&D funds degrades the research outcome (Rodriguez and Ebecken, 2004; Schuh et al., 2006) . In this study, we focused on R&D budget reduction and R&D efficiency improvement through research equipment. First, we present and discuss the results of a comparative study of the realistic durability and service life of research equipment and their economic life from an economic perspective. Then, we studied the research equipment transfer process to improve the efficiency of research equipment. When research equipment become idle or underutilised, their efficiency must be improved. This study also offers that the cost of the repair and the transfer is invested for the durability and service life extension of the research equipment. The difference between this research project's level of analysis and the macro-economic perspective is that the latter analyses the mechanism for aggregated indicators such as GDP, unemployment rates, national income, price indices and the interrelations among the different sectors of the economy to better understand how the whole economy functions. In this research project's level, we focused on improving the efficiency of research equipment for science and technology. This research also proposes a new indicator for the R&D innovation strategy through economic analysis. The 21st century has brought about technological innovations and scientific revolution in R&D management for the pursuit of human happiness (Lorenzi and Riley, 2004; Lu et al., 2007) . Research equipment stand at the centre of R&D management and are becoming more and more important because they can be related to the original research and effective research (Swift, 2014) . They also facilitate the creation and revolution of scientific technology. We think the systematic management and effective utilisation of research equipment can contribute to international competitiveness and advances in scientific technology.
The R&D economic analysis method
In this section, we discuss and present the R&D economic analysis method. The existing economic analysis method is first discussed. We propose the economic analysis of intangible assets and the income approach method for the economic analysis of research equipment.
R&D economic analysis
R&D economic analysis is a major R&D management activity method (Myers and Well, 2002) . It can be both a quantitative measure and a qualitative measure of the economic benefit or outcome of an R&D project. The economic value of many R&D programs has been compared with that of other R&D programs (Holmes et al., 2006; Skoog et al., 2015) . It is used as baseline data for investment priority decisions. The importance of R&D economic analysis is expanding because it can be related to improve the efficiency of the R&D budget. All governments around the world are investing more R&D funds than planned. However, the commercialisation of R&D technology has been less successful than expected. R&D economic analysis is the analysis of the synthesis of the direct effect and ripple effect of an R&D program. The direct effect is the present value of the benefit from the R&D technology commercialisation. It can be measured as the value of money [net present value (NPV), internal rate of return (IRR) and profitability index (PI)]. The ripple effect is the synthesis of the R&D budget investment effect and the other budget investment effects. It is calculated as the multiplier effect for the creation of employment, added value and cost savings because it is difficult to measure as the value of money. In the planning stage of an R&D program, the direct effect is more effective than the ripple effect due to the characteristics of the R&D program (Luenen and Harten, 2006; Richey and Klein, 2007) . These program characteristics in the planning stage are the uncertainty of the R&D program executing organisation (a large corporation, a smallor medium-sized enterprise, a research institute, a university, an association, etc.); the application market for the newly developed technology and the diversity of products (the fundamental technology); the ambiguity of the estimation from the industry and the market of the future (since the technology had been developed); the technology development goal change from the environmental change (the target market and the application product); the uncertainty of the intellectual property right for the newly developed technology; and the uncertainty of the investment for the planned R&D budget.
The economic analysis period of the R&D program spans prior economic analysis, intermediate economic analysis, the completed economic analysis and the tracking economic analysis. The tracking economic analysis is performed 5 years after the development of the R&D program. The R&D program is analysed in the planning stage of the economic analysis. The uncertainty of the executing organisation for the developed technology and the application product is one of the R&D program's characteristics.
The application product is analysed in various ways from the industry and the market of the future. The level of competition and the commercial possibility are also investigated and analysed in advance. The result is used to select an excellent R&D program and calculate the R&D budget. The life cycle process of R&D economic analysis is described in Figure 1 . 
Intangible assets economic analysis method
The intangible asset economic analysis methods include the cost approach, the market approach and the income approach. The cost approach has generally been used extensively for economic analysis. The cost approach uses the concept of the avoided cost without technology development at the time of purchase of the research equipment. It does not apply to the economic analysis because the R&D budget and technology value are different. The market approach is a method of technology value estimation. It investigates the market price or the market case for the technology and similar techniques. In the case of new technology, it is difficult to apply to economic analysis because similar techniques amount to nothing. The income approach is a method of future technology value estimation when it is executed from technology utilisation. The discounted cash flow is generally used extensively for economic analysis.
Intangible assets economic value analysis method
The R&D economic analysis method represents the income approach that takes into account the NPV, IRR, the payback period (PBP), the profitability index (PI) and the BCR. R&D economic analysis generally uses two or three analysis methods at the same time. BCR is the economic analysis method that is very similar to the NPV method. It focuses on the benefit-cost (B/C) rate of the investment in a set period of time. The B/C has been divided into the present value of the cost for the present value of the annual average benefit from the investment business. If this rate is high, the investment effect is significant. The B/C shows the efficiency of the investment. In the same condition, the high-B/C business is chosen.
( ) ( ) i: social rate of the discount.
n: total business period.
The NPV method is the economic analysis method that deducts the cash outflow of the present value in the cash inflow of the present value from the R&D investment. When the NPV is greater than 0, it has an economic value.
C t : cost of time t.
i: social rate of the discount.
The IRR is the rate of discount (NPV = 0) when the cash outflow and the cash inflow of the present value are equal. It is more effective than investment. n: value of the cumulative cash flow at which the last negative value of the cumulative cash flow occurred.
p: value of the cash flow at which the first positive value of the cumulative cash flow occurred.
The PI is divided into the present value (PV) by the initial investment (the R&D investment). When the PI is higher, it has an economic value.
PV of future cash flows PI = Initial investment
If PI > 1, the project is accepted.
If PI < 1, the project is rejected.
The BCR is an indicator of the benefit-cost rate. When it is greater than 1, it has an economic value.
The present value of the future cash flow + The present value of the budget expenditure + The total business cost BCR The present value of the budget expenditure + The total business cost = ( ) i: social rate of the discount.
Limitations of the R&D economic analysis method
The R&D economic analysis method is generally not clearly defined. It is especially difficult to use in the planning stage of an R&D program. Most R&D economic analysis methods are meant for technical commercialisation. The vague guidelines of R&D economic analysis methods have led to low confidence in and lack of consistency of the results. In addition, only a few researchers can analyse the market and commercialisation. The advancement of the R&D economic analysis method and high confidence in the analysis results occur from the planning stage of the R&D program owing to the R&D budget expansion and the importance of the R&D investment.
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Economic analysis of the research equipment
Overview of the research equipment
In this paper, we discuss and present basic science research equipment performance that has a marked influence on the research results. Also, large research facilities have provided various research resources and the requisite environment for scientists. They are the evolved scientific infrastructure of research equipment. Spring-8, RI Beam Factory and SACRA of RIKEN Institute are considered representative of large research facilities in Japan. In this study, we focused on basic science research equipment. The research scope of research equipment consists of the 6T presented in Table 1 . Research equipment are classified into scientific analysis equipment, test measurement equipment and manufacturing process equipment. Most research equipment are basic scientific analysis equipment. The classification of research equipment is shown in Table 2 . In this paper, we analyse the economic effects of scientific analysis equipment. 
Economic effects of the research equipment
We analysed the economic effects of research equipment for empirical validation. The transferred research equipment record (2011) Table 3 . Economic analysis is used to measure the economic effect of research equipment. The benefit of the seven research equipment is the acquisition cost (USD1,144,325), whereas the investment cost is the research equipment transfer cost (USD142,922).
( )
The benefit The rate of profit % 100 The investment cost = × When the seven research equipment were donated, their rate of profit was 800%. This rate is the value of the effective use of the research equipment by scientists. We supposed that the transferred research equipment could be used as new research equipment for 10 years. Thus, the benefit of the seven research equipment is the acquisition cost (USD1,144,325). The investment cost is the research equipment transfer cost (USD142,922) with the discount rate fixed at 10%. The B/C analysis of the research equipment is described in Table 4 , whereas Table 5 presents the B/C result of the research equipment. In the income approach, the NPV of the B/C result of the research equipment is USD630,537, whereas the IRR is 402%. These results are very effective in improving the efficiency of research equipment. Since the research equipment had been donated, their investment cost is fixed only at the research equipment transfer cost. 
Regression analysis of the economic effect of research equipment
In this paper, we discuss the statistical parameters for the economic effect of research equipment using regression analysis. The regression equation can assume the output variable from the input variable. In this study, simple regression analysis was used to determine the economic effect of the research equipment. It considered only the significantly influenced independent variable as the output variable. The detailed formula for the simple linear regression model is as follows. 
∑ ∑
We used regression analysis to correlate the cash flow with the present value. The scatterplot of the cash flow and the present value is described in Figure 2 . It was examined for both the considerable variable and the inconsiderable variable in the analysis results. We used the fitted line plot for the correlation analysis of the cash flow and the present value as described in Figure 3 . In the correlation analysis, the correlation coefficient had a positive correlation at 0.874, whereas the cash flow and the present value correlated at P value of 0.01 (P value < 0.05). The correlation of the cash flow with the present value is illustrated in Figure 4 . The results of the regression analysis of the cash flow and the present value are described in Figure 5 for both the regression equation and the R 2 . The normal probability of the cash flow and the present value is plotted in Figure 6 . It shows a correlation between the cash flow and the present value because the P value is 0.01 (P value < 0.05), indicating a normal distribution in the normal probability plot. The value versus fits of the cash flow and the present value are shown in Figure 7 . The versus order of the cash flow and the present value is described in Figure 8 , which show a normal distribution. The histogram of the cash flow and the present value is presented in Figure 9 and shows the distribution between the cash flow and the present value. 
Limitations of the economic analysis
The economic analysis of research equipment differs from other economic analysis methods due to the benefit it creates. For example, when the production facilities and the production development facilities can be used for mass production of goods, the economic effect is very high. However, basic science research equipment are used more for pure research than for benefit creation. Furthermore, research equipment are very expensive. They also require a high investment cost for maintenance and repair. Major countries that produce research equipment such as the U.S., Germany and Japan can provide only repair service and research equipment components. Governments around the world are investing much in R&D because many Nobel Prize laureates have been produced in basic science research. The economic analysis of basic science research equipment differs from the economic analysis of production facilities and production development facilities. The economic analysis of basic science research equipment is used more for pure research than for benefit creation. Therefore, it is difficult to measure economic benefit creation. In this study, we analysed the economic effect of research equipment by considering pure research, the investment cost and the research results in the R&D economic analysis.
Research equipment transfer process
We analyse the process of transfer of usable idle research equipment and usable underutilised research equipment to institutions that needed them. The repair cost, labour cost and cost of transport are generally the essential elements of research equipment transfer. Skilled research equipment specialists are also required in the transfer process, which is completely different from transport logistics. The technological difficulty of the transfer process is very high. The research equipment transfer process is illustrated in Figure 10 . Idle research equipment or underutilised research equipment are transferred to universities, research institutes and enterprises. Circular A-110 of the U.S. Office of Management and Budget (OMB) states that an institute must be notified of the result of its request for research equipment transfer within 120 days of its request. The Ministry of Science, ICT and Future Planning of South Korea states that the research equipment transfer is posted by the institute for 3 months. Then, the institute applies for its needed research equipment as posted. The research equipment of the institute must be donated or purchased with the institute's R&D budget. Also, the non-profit organisation can receive donations research and the education. In case of the profitable organisation, it can be considered as rental service. The skilled research equipment specialist examines the idle research equipment and the underutilisation research equipment for the research equipment transfer possibility. Then, the research equipment transfer cost is calculated. The research equipment transfer council decides the possibility of transferring the research equipment. This decision is based on the examination result of a skilled research equipment specialist. The research equipment transfer council consists of the researcher, the professor and the director of the enterprise. It decides for the transfer cost of the research equipment and it should notify the institute of the decision. The Ministry of Science, ICT and Future Planning of South Korea supports the transfer cost of the research equipment for improving the efficiency of research equipment. The research equipment enterprise is chosen by the public bidding for the transfer and the installation of the research equipment. Generally, first, the research equipment is transferred in the installation place. Then, it is supported by the skilled research equipment specialist for the repair and the installation. In case of sensitive research equipment or large-scale research equipment, an anti-swing trailer or crane is needed to transfer it. Construction of the installation place is likewise essential. After the research equipment transfer is completed, research equipment management is necessary. The skilled research equipment specialist inspects the normal operation of the research equipment within 3 months of the transfer. The institute should manage constantly for the normal operation of the research equipment. The utilisation record of the research equipment consists of the user number, the sample number, the paper, the patent and the technology transfer.
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Figure 10 Transfer process of the research equipment
R&D economic analysis of the research equipment
R&D economic analysis based on extending the durability and service life of the research equipment
In this study, we propose the R&D economic analysis method based on the extension of durability and service life of research equipment, which is generally 10 years. After the research equipment is used for 10 years, the institute purchases new research equipment that will be used for another 10 years. We analysed the R&D economic analysis based on the durability and service life extension of research equipment for empirical validation. The economic analysis of research equipment is applied only to their depreciation. It considers the characteristics of the research equipment for a realistic analysis. In this study, we supposed that the 10-year durability and service life of the research equipment can be extended for 5 years through effective management, component replacement and repair. This means the research equipment will be used for 15 years. The B/C analysis of the research equipment is shown in Table 6 with the discount rate fixed at 5%. The present value was based on the transferred research equipment record (2011) and the utilisation record was calculated based on the unit price (USD47) of the sample from the analysis support record for 3 years (2010) (2011) (2012) (2013) . The total acquisition cost of the research equipment was USD1,144,325, as shown in Table 3 . The benefit in time t is the result of the present value in the transferred research equipment record (2011). The calculation of the B/C of the research equipment is described in Table 7 . The IRR is the standard business value and is the sum of the NPV from the cash inflow of the present value to the cash outflow of the present value. T The IRR of the research equipment is shown in Table 8 . When an annual profit of USD142,912 must be made from the investment cost, the NPV is USD41,998,538 at a discount rate of 5%. The depreciation of research equipment is generally 10 years because their durability and service life is 10 years for basic science research. However, depreciation cannot be accurately analysed because the characteristics of the research equipment are not considered. In this study, we suggest that extending the durability and service life of new research equipment is more effective than purchasing new research equipment for R&D budget reduction and efficiency improvement. The sample number of research equipment was applied to the utilisation record of the research equipment. The R&D economic analysis of the research equipment was based on the transferred research equipment record (2011).
Regression analysis of the R&D economic effect of the research equipment
In this paper, we discuss the statistical parameters for the R&D economic effect of the research equipment. We used regression analysis, particularly simple regression analysis, to determine the R&D economic effect of research equipment. Only the significantly influenced independent variable was considered as the output variable. Least square estimation was used to estimate the regression equation, and it was minimised to analyse the sum of the square errors. We used regression analysis to correlate the B/C with the NPV. The scatterplot of the B/C and the NPV is described in Figure 11 . We used the fitted line plot for the B/C and NPV correlation analysis and is described in Figure 12 . In the correlation analysis, the correlation coefficient has a positive correlation with the correlation coefficient because the correlation coefficient is 0.998. It shows a correlation between the cash flow and the present value because the P value is 0.00 (P value < 0.05).
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The correlation of the B/C and the NPV is described in Figure 13 . The regression analysis of the cash flow and the present value is described in Figure 14 , which also shows the analysis results of both the regression equation and the R 2 . The normal probability of the B/C and the NPV is plotted in Figure 15 . It shows a correlation between the B/C and the NPV because the P value is 0.01 (P value < 0.05) as well as a normal distribution in the normal probability plot. The value versus fits of the B/C and the NPV are illustrated in Figure 16 , while the versus order of the B/C and the NPV is described in Figure 17 . These results showed a normal distribution. The histogram of the B/C and the NPV is described in Figure 18 and shows the distribution between the B/C and the NPV. In this paper, we discuss the policy relevance for the technological characteristics of research equipment. The policy is defined as a theoretical or technical instrument that is formulated to solve specific problems affecting, directly or indirectly, societies across different periods of times and geographical spaces (Ruiz Estrada, 2011). We carried out for policy relevance not only the restrictive policy analysis, but also the comprehensive policy analysis. Policy relevance suggests the policy basis for R&D budget reduction and efficiency improvement through research equipment. It also contributes to the policy decision process. Policy relevance reviews the relevance of government R&D. It consists of policy consistency (matching for higher plan) and the action will (preference), the risk factor (financing possibility, law, system, etc.) and the other policy factor (evaluation). Policy relevance considers policy analysis, adequacy of technology development plan, potential for success of technology development and redundancy in the relevance evaluation of government R&D. Policy relevance is focused on the policy process for R&D budget reduction and R&D efficiency improvement through research equipment. First, the policy consistency and action include adequacy of government support, adequacy of research promotion system (manpower, budget, organisation, etc.) and adequacy of performance goal. The policy consistency and action coincide with the science and technology basic plan for R&D budget reduction and efficiency improvement through research equipment. The Ministry of Science, ICT and Future Planning of South Korea presented the government R&D innovation plan for the national R&D investment expansion and efficiency in 2015. The plan is focused on R&D budget reduction and R&D efficiency improvement through research equipment. The government reviews the plan for the establishment of laws and relevant system. It is applied to the life research resource management basic plan, the life science promotion basic plan, the health and medical R&D medium and long-term plan. The action will (preference) of the government is very high for R&D budget reduction and R&D efficiency improvement through research equipment, while the action will (preference) of scientist is very high for the effective utilisation of research equipment and the research support. Second, risk factor management includes risk management, budget management, organisation management, manpower management, performance management and responsibility securement. The relevance of government policy and risk factor are financing the possibility for R&D budget reduction and R&D efficiency improvement through research equipment. The financing possibility is very high for R&D budget reduction and R&D efficiency improvement through research equipment since the government is expanding its R&D investment through science and technology basic plan for the national service provision, the small and medium enterprises support, the research support, etc. Risk factors of the law and the system can be protected through regulation of national R&D management. Third, the policy factor includes adequacy for the R&D result utilisation and the diffusion plan, which is the expected effect for R&D budget reduction and R&D efficiency improvement through research equipment. It prevents duplication of research equipment for construction infrastructure. Also, it is expected the efficiency of government R&D investment. Adequacy for R&D result utilisation and diffusion plan is reflected in research infrastructure expansion and prevention of duplication investment.
analyse the expected effectiveness of research equipment using the calculated analysis method based on the research equipment utilisation record. This utilisation record consists of the paper, the patent, the B/C, the use number and education data. We will propose a new method of analysing the expected effectiveness for improving the efficiency of research equipment.
